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Abstract 
The research which aims to investigate the effect of Fe3+ ion addition towards the omega-3 
especially DHA (Docosahexaenoid acid) production on phytoplankton Chlorella vulgaris has been 
done. Sea phytoplankton C. vulgaris has been known as the microalgae species which produces 
omega-3. Phytoplankton culture was carried out without and with the addition of Fe3+ ion. Fe3+ 
ion with concentration of 0,0; 0,1; 0,2; 0,3; 0,4; 0,6; 0,8; 1,0; 1,5; and 2,0 ppm were added into 
culture media respectively. The data was collected on the culturing every 24 hours for 18 days to 
get the growth pattern. Analysis was carried out by the sonication extraction of dry weight (DW) 
in order to lysis the cells of phytoplankton and UV/VIS spectrophotometer to determine DHA 
concentration. The result of the research showed that concentration of  Fe3+ ion 0,1 ppm can 
increase the growth of phytoplankton C. vulgaris optimally. Fe3+ ion generally has an effect 
towards DHA production on C. vulgaris. The highest DHA concentration is 4137,62 µg/g DW 
treated with 0,1 ppm Fe3+ ion. The DHA concentration of dry weight indicates that C. vulgaris 
with Fe3+ ion addition has potential as Omega-3 supplement.  
 
Key words : Chlorella vulgaris; Omega-3; DHA 
INTRODUCTION 
Lack of nutrients so far has been the main focus in Indonesia, especially for 
poor areas and difficult to reach. One example of these shortcomings is the 
category of essential fatty acids, especially omega-3, where the sufficient 
distribution of omega-3 intake, especially DHA that can improve the nutritional 
status of newborns and would play a role in brain development later. Nowdays, 
the efforts to comply that nutrition get a lot done with the addition of nutrients 
from outside.  
In recent years, one of the organisms that have currently been developed to 
become a commercial product that is microalgae. Microalgae include living 
organisms which are found in the oceans. Microalgae are organisms that can only 
move in a passive way and known as the plant that acts become the primary 
producer and are the first trophic level in marine waters. The role of 
phytoplankton as natural feed for others marine biota, especially marine 
herbivores (Addi, 2000). 
According to hasanah (2011) phytoplankton may increase nutritional value 
food, and have a positive effect on human health. Phytoplankton biomass rich in 
nutrients between other fatty acids (omega-6 and 3) essential amino acid (leucine, 
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isoleusin, valin, and others) and it is in carotene category. Some kind of 
phytoplankton has a high content of amino acid. 
Microalgae have big opportunities to enhance the nutritional value of the food. 
Microalgae also have been studied extensively and the cultivation systems have 
been developed in an attempt to produce food supplements (Schwartz, et al., 
1991). 
Much less known to the general public is the variety of algae-derived 
ingredients that is used in food processing. Mostly as subordinate ingredients such 
as emulsifiers, thickeners, emollients, fats, polyunsaturated fatty acid, oil, natural 
dyes, sugar, pigments, antioxidants, bioactive compounds (Mata, Martins et al, 
2010).  
Algae are the true source of these essential nutrients. PUFA production from 
algae has been developed only in the last decade and has the advantages of 
lacking unpleasant fish odor, reduced risk of chemical contamination and better 
purifation potential (Pulz and Gross 2004). PUFAs are known to play an 
important role in reducing cardiovascular diseases, obesity, in celluler and tissue 
metabolism, including the regulation of membrane’s fluidity, electron and oxygen 
transport, as well as thermal adaptation ability (Cardozo, Guaratini et al, 2007).  
C. vulgaris has a very quick generation time. Therefore, in a relatively short 
time, cell reproduction will occur quickly, especially if the source of light and the 
sufficient energy availability. In addition the organism autotrofik basically 
requires light, CO2, H2O, nutrient and element trace for growth (Wirosaputro, 
2002). 
During this time, a lot of omega-3 derived from fish oil, but fish oil still has 
shortcomings as a primary source. The fish has a low capability to synthesize 
omega-3. Fears of depleted fish stocks and contamination of heavy metals, 
organic compounds, dioxins which may be harmful to human health. the fatty acid 
is unstable and sometimes smell. In relation to the ability of C. vulgaris in 
producing omega-3 and has been developed in the pharmaceutical and food 
industry, especially to solve the public health problems. It is necessary to study 
more in-depth and testing on the growth of C. vulgaris that is associated with 
omega-3 productivity by changing the basic compound nutrient of microalgae 
cultivation through the addition of nutrients into the fundamental needs (Guerrero, 
2001), 
DHA is an omega-3 fatty acid present. In the grey matter of the brain and in 
retina, and is a major component of heart tissue. It has been shown to be important 
for cardiovascular health in adults and for brain and eye development in infants. 
DHA is found in a limited selection of foods such as fatty fish and organic meat 
and naturally present in breast milk, although absent in cow’s milk. Since 1990, 
its inclusion in infant formula for pre-term and full term infant has been 
recommended by a number of health and nutrition organizations (Spolaore, et al., 
2006). 
All processes on the end of the harvest period of cultivation of phytoplankton 
include one or more stages for the separation of the solid and liquid. 
Phytoplankton biomass can be separated from the medium by means of 
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sedimentation, centrifugation and filtration. Sometimes it also takes a stage of 
flocculation (clotting) with the addition of the substance KoAgulant (Grima, dkk., 
2004). 
Fe (ferrum) is an important element of  Fe , that is required in some biology 
systems, as an example that the element role as a catalyst in the process of 
electrons transfer in a system both biological and chemical , it will also serve as 
oxygen transport (in hemoglobin, myoglobin). Fe involved in metabolism 
Enzymatic (hidrogenase peroxidase hydrogen , nitrogenase and catalase 
(Darmokoesoemo dan Handoko, 2008). 
Fe (iron) is one of the micro-nutrients that are essential for plants because 
although required in a relatively small amount but has a major role in improving 
the performance of photosynthesis and plant cells metabolism. Fe is absorbed by 
plants in the Fe2+ and Fe3+ forms. It is important for the formation of chlorophyll, 
the substance of carbohydrates, fats, proteins and enzymes. Despite not being a 
component of chlorophyll. But Fe serves as the catalyst on the synthesis of 
polysaccharides (Mulyani, 2002). 
 The objective of this research is to determine the effect of  nutrients in the 
Fe3+ ions form on the productivity of DHA on phytoplankton C. vulgaris. 
 
METHODOLOGY  
 
This research was conducted at the Laboratory of Inorganic Chemistry, 
Department of Chemistry, Faculty of Mathematics and Natural Sciences, 
Hasanuddin University, Makassar. The tools used during this research include 
glass tools commonly used in the laboratory, 500 ml glass bottles, oven, 
desiccator, haemocytometer, Handcounter, pH meter, salinometer, sonicator, 
digital balance ohauss, centrifuge, freezer, freshdryer, and Spectrophotometer 
UV-VIS. The materials used in this research include phytoplankton culture of 
Chlorella vulgaris, FeCl3 4H2O nutrient solution with concentration of  0,0; 0,1; 
0,2; 0,3; 0,4; 0,6; 0,8; 1,0; 1,5; and 2,0 ppm, distilled water, 1-8, conwy medium, 
vitamin and n-hexane.  
Preparation of Fe3+ 100 ppm was prepared by dissolving 3.5505 grams of 
FeCl3 6H2O in 100 ml flask and then align with distilled water. then measured 
with a salinometer salinity and filtered using filter paper. Further concentration 
and dilutions made to obtain water salinity corresponding to phytoplankton 
species sample. 
After 3 days, the culture was transferred to a 300 ml bottle. During the 
implementation of the culture, all the physical and chemical parameters are 
maintained. Observations carried out growth pattern, where the density of 
phytoplankton cells was observed through a microscope using a tool-
haemocytometer the conditions without and with the addition of nutrient Fe3+.  
Concentration MTC (Maximum Tolerance Concentration) will be obtained by 
looking at the highest growth rate in each variation of the concentration of 
cultures of C. vulgaris. The pattern of of phytoplankton growth (about 3 days), 
each performed for three series of cultures with the addition of nutrient iron (Fe3+) 
in the medium. Observations of growth pattern is done by counting the number of 
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cells per milliliter of medium every 24 hours. The examples are taken with a 
sterile pipette, dropped about 0.1 -0.5 ml in a haemocytometer, then observed 
through a microscope. Further observations of phytoplankton was observed with a 
microscope every 24 hours for 18 days. After the cell density calculation results 
obtained, further determine the specific growth rate (μ) of each concentration of 
Fe3+ ions.  
Phytoplankton biomass extraction results obtained, and than put into 
centrifuge tubes and mixed with n-hexane as much as 5 mL. The samples were 
centrifuged for 20 minutes at 90 rpm. Furthermore, the supernatant was taken for 
analysts especially omega-3 DHA compared with standards on the use of UV-VIS 
spectroscopy (Mayasari, 2012).  
 
RESULT AND DISCUSSION 
After the phytoplankton cultures of C. vulgaris obtained the optimum growth, 
then the next stage is phytoplankton biomass harvest. Harvesting biomass can be 
done in several ways such as sedimentation, centrifugation, filtration and 
flocculation (Alfani, 2013). In this research the biomass harvesting is done by 
using a centrifugation process where the cold centrifuge with a speed of 12000 
rpm, where there is actually the clear supernatant, indicating that phytoplankton 
biomass has been completely settled. All processes on the end of the harvest 
period of cultivation of phytoplankton include one or more stages for the 
separation of the solid and liquid. Phytoplankton biomass can be separated from 
the medium by means of sedimentation, centrifugation and filtration. Sometimes it 
also takes a stage of flocculation with the addition of the substance KoAgulant 
(Grima, dkk., 2004). 
 The obtained supernatant was set aside and the sediment was dried using 
freshdryer. However, before being dried, the sediment were frozen in the freezer 
about 24 hours.  
Figure 1 shows the weight of dry biomass produced from phytoplankton 
cultures of C. vulgaris for 18 days. The highest dry biomass obtained from 
cultures of C. vulgaris with the addition of Fe3+ ions at 0.1 and 0.3 ppm. Where in 
the Fe3+ concentration of 0.1 ppm is able to produce 0.9438 g of dry biomass, 
while at a concentration of 0.3 ppm Fe3+ produces 0.9243 grams. This is 
consistent with data obtained in phytoplankton growth rate calculation results. 
The growth rate of phytoplankton cells at a concentration of C. vulgaris was the 
highest. Although for a number of phytoplankton cells on exposure to 
concentrations of Fe3+ others are not in line with the amount of dry biomass 
produced. This was caused by the influence of air humidity on drying 
environment where phytoplankton can cause moisture to become increasingly 
biomass. It also can be caused by the drying process freshdryer less than the 
maximum. Total dry biomass produced from all cultures is 6.9788 grams. 
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Figure 1. Dry biomass of  C. vulgaris phytoplankton culture with addition of  Fe3+ ions at Different Concentrations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. The content of DHA in phytoplankton C. vulgaris with addition of Fe3+ ions at Different Concentrations 
 
An increase in the productivity of the highest DHA concentration of dry 
weight to the value of 4137.62 mg / g DW is owned by phytoplankton samples 
with the addition of 0.1 ppm Fe3+ ions. Followed by the sample with the addition 
of Fe3+ ions of 0.3 ppm and 0.8 ppm with each value of 3713.22 mg / g DW and 
2919.25 mg / g DW. The culture grown which as a control has a dry weight of 
DHA 2805.94 mg / g DM and the culture with the addition of Fe3+ 0.2; 0.4; 0.6; 
0.8; 1.0; 1.5 and 2.0 ppm are below the dry weight of DHA which is owned by the 
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dry weight of the control with the lowest value at 790.8 ug / g DW which is 
obtained from cultures with the addition of Fe3+ 2.0 ppm. The difference amount 
of DHA production is influenced by the ability of phytoplankton cell in each 
culture with Fe3+ ions addition to maintain the cell performance of  the cell 
metabolism, especially in in omega-3 fatty acids synthesis. As plants in general, 
phytoplankton C. vulgaris is also thought to produce fitokelatin in the body to 
help fight the effects of excess metal, in this case Fe is possible to inhibit the cell 
metabolism to produce DHA. 
The level of productivity each cells sample almost followed by the level of 
a pattern of growth of phytoplankton , The number of cells phytoplankton C. 
vulgaris most owned by the culture with the addition of metal ions Fe3+ 0.1 ppm, 
the next on 0.3 ppm , 0.0 ppm and 0,8 ppm. The highest DHA production owned 
by the culture with the addition of metal ions Fe3+ 0.1 ppm and continued by 0.3, 
0.8 and 0,0 ppm. That means that in this research , the number of cells in 
phytoplankton C. vulgaris in general can be followed by increasing number of the 
DHA production.  
In Microalgae, Fe ion plays a very important role in regulatory system as an 
element essensial cell metabolism.This has been known that a shortage of Fe ion 
would affect the cell growth and reduce chlorophyll in photosynthetic organisms. 
The effect is mainly caused by inactivation photosynthetic and the process of 
electrons transfer in the process of photosynthesis, where Fe is kofaktor of 
cytochrome. In the condition of shortage of Fe ion on microalgae is known that it 
will reduce the Fe3+ ion reduction process in plasma membrane. Fe3+ will be 
reduced to be Fe2+ that can be absorbed directly in by microalgae cells 
(Matsuzawa, et al., 2004). The difference of the DHA production concentration 
obtained basically caused by each the difference of culture ability on the 
phytoplankton C. vulgaris to produce DHA by against the toxic of the Fe3+ ion 
during the cells growth running. 
 
CONCLUSIONS AND SUGGESTION  
 
The addition of Fe3+ ions in general has an effect towards DHA production on 
Chlorella vulgaris. Increased productivity of the dry weight concentration of 
omega-3 with DHA concentration is 4137,62 µg/g DW treated with 0,1 ppm Fe3+ 
ion. Phytoplankton C. vulgaris with Fe3+ ion addition has potential as Omega-3 
supplement. Suggestions for further research, they are expected to learn more 
about optimizing the production of omega-3 which is in line with the growth rate 
of phytoplankton, C. vulgaris, so that biomass cultivation results that is obtained 
can be more. 
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